INTRODUCTION
Road crashes are a leading cause of injury and death worldwide (WHO 2015) , but individuals' crash risk varies according to several factors. For example, younger and older drivers are overrepresented in crash statistics (BITRE 2016) . Crashes are also more severe and more common, based on population and kilometres travelled, in rural areas compared with urban areas (Siskind et al. 2011) . These patterns suggest the relative safety of driving covaries with driver age and environment.
One factor that may contribute to differences in crash rates is subjective risk perception. Evaluation of relative risk involves judging the likelihood that harm will result from an action (Lowrance 1976) . If apparent risks are acceptable (perceived safety), the individual may engage in risk-taking or fail to avoid hazards. Supporting the subjectivity of perceived safety, studies have found discrepancies between actual and perceived risk in driving situations (Charlton et al. 2014) . Although some view risk perception as binary (safe/unsafe), recent research has advocated conceptualising it as a continuum (i.e., high-low; Gill 2004) . Risk perception is a multivalent construct, influenced by life experiences, personality and attitudes (Beirness 1993; Kington et al. 1994; Vivoli et al. 2006 ).
Individual differences play a crucial role, with great variability in overall risk sensitivity, which refers to consistent levels of risk perception across varied situations and risk domains (Sjöberg 2000) .
Environmental Differences in Risk Perception
Differences in risk perception between environments could explain why serious crashes are often more common in rural areas (Eiksund 2009; NHTSA 2010; Nordjaern et al. 2010; Siskind et al. 2011 ). On rural roads drivers perceive high travel speeds as less risky due to higher speed limits and lower visual complexity (Rakauskas et al. 2009 ). The reduced visual clutter in rural settings can induce boredom and fatigue (Thiffault and Bergeron 2003) and may facilitate inappropriate visual scanning strategies, which affects hazard detection (Crundall and Underwood 1998) . Moreover, drivers often neglect unsafe features of rural roads, such as road curvature, roadside ditches and poles (Charlton et al. 2014 ).
Overall, it appears that rural driving conditions foster a sense of complacency, prompting greater risktaking (Wilde 1998) . Consistent with this, rural drivers are more likely to self-report aberrant behaviour and perceive these behaviours as less risky (Knight et al. 2013; Rakauskas et al. 2009 ). For example, young rural drivers consider speeding on rural roads an acceptable, controllable risk (Knight et al. 2013) . However, most studies comparing risk perception between urban and rural environments have used between-subject comparisons (Dunsire and Baldwin 1999; Leadbeater et al. 2008; Nordjaern et al. 2010) , effectively comparing rural and urban drivers, rather than environments. Within-subject comparisons of urban and rural driving environments are therefore required to provide more sensitive analysis (Streff and Geller 1988) . Previous research examining within-subjects comparisons in risk perception has found that drivers identify different types of hazards in different environments (Borowsky and Oron-Gilad 2013) and that they rate situations with more information to process (e.g., cluttered scenes) as more hazardous (Benda and Hoyos 1983) .
Age-related Differences in Risk Perception
Even when faced with an identical risk scenario, risk appraisal differs between individuals (Machado-León et al. 2016) . Age and driving experience, which are usually highly correlated (Elander et al. 1993) , can play a role RISK PERCEPTION ON URBAN AND RURAL ROADS 4 (Finn and Bragg 1986) . There is a curvilinear relationship between age and crash risk, with both younger and older drivers exhibiting elevated crash risk (BITRE 2016; Mayhew et al. 2003; Williams 2003) . However, nature of crashes and underlying causes differs between younger and older drivers (Elander et al., 1993) .
Among young novice drivers, hazard perception training leads to greater speed reductions and less risk taking (Crundall et al. 2010; Fisher et al. 2002; McKenna et al. 2006; Wang et al. 2010) . This suggests that young drivers' elevated crash risk is partly attributable to ignorance; their inexperience limits their ability to appraise hazardous driving situations (Borowsky et al. 2009 (Borowsky et al. , 2010 . This may be because less experienced drivers focus on isolated details within the scene, whereas more experienced make global evaluations of the broader driving environment (Benda and Hoyos 1983) . To improve young driver safety, many jurisdictions including Australia have adopted graduated licensing systems (GLS), which aim to mitigate crash risk by applying restrictions that reduce exposure to high-risk situations during the first few years of driving. Further, many jurisdictions incorporate hazard perception testing within GLS, as hazard perception performance correlates with crash involvement (Boufous et al. 2011) . Although GLS improves safety, young novice drivers still exhibit elevated crash rates and greater risk-taking (Lam 2003; Lewis-Evans 2010) . As such, in a task evaluating drivers' assessment of hazards, it is likely that younger, less experienced drivers would show lower ratings, as they do not yet have sufficient appreciation of the potential risks.
For older drivers, crash rates are also correlated with hazard perception performance Horswill et al. 2015) ; however, these impairments stem from cognitive ageing, such as slower reaction times and restricted useful field of view (Horswill et al. 2008; Wetton et al. 2010) . Compared with younger experienced drivers, older drivers often rate traffic scenes as more hazardous (Underwood et al. 2005) and have difficulty in detecting unexpected, peripheral or complex hazards (Bromberg et al. 2012; Romoser et al. 2013 ). As such, although they experience some difficulties with hazard detection, when made explicitly aware of hazards, older drivers' experience should help them appropriately appraise the risk posed.
The Current Study
Prior research demonstrates that driving safety differs as a function of environment and experience, which may relate to underlying differences in risk appraisal (Knight et al. 2013; Rakauskas et al. 2009 ). The current study was designed to assess factors that influence drivers' perceptions of risk versus safety, using a hazard rating task.
Three attributes of the potential hazard were systematically manipulated: its environment; the object type; and its inherent safety risk. The environment manipulation tested whether participants rated rural environments as less hazardous than urban environments. The manipulation of inherent safety risk assessed discrepancies between objective and subjective risk. Finally, the object type manipulation assessed whether drivers perceive certain objects (e.g., cars vs. pedestrians) as fundamentally more hazardous or whether perceptions of hazardousness are contextdependent (e.g., varying more with environment and/or inherent safety risk).
It was hypothesised that hazard ratings would differ between urban and rural environments, with rural being rated less hazardous, and that hazard ratings would positively correlate with both driver age and general driving-related risk perception.
RISK PERCEPTION ON URBAN AND RURAL ROADS

5
METHOD
Participants
Participants were 63 licensed drivers (34 female, 29 male): 21 young drivers (18-24 years); 21 experienced drivers (25-40 years); and 21 older drivers (55-70 years). Participants were recruited through on-campus fliers, an online participant recruitment system, and the University of the Third Age. All participants drove at least weekly, had normal or corrected-to-normal visual acuity, and were compensated AUD$10. Ethical aspects of the research were approved by the Australian National University Human Research Ethics Committee (protocol 2014/458).
Apparatus
Stimuli were presented on a 22" monitor. Viewing distance was approximately 55cm. Stimulus presentation and data acquisition were controlled via Qualtrics.
Materials and Procedure
Sessions were conducted individually in a quiet room with a researcher present. Participants provided informed consent before completing a computer-based questionnaire, which captured demographic and driving information (age, experience, exposure, crash history), followed by the hazard rating and risk perception tasks.
Tasks were untimed, with an average completion time of 45 minutes.
Hazard Rating Task. Participants were presented with 100 pairs of side-by-side images, which differed in one detail. This change was circled and described (see Figure 1 ), so the task required hazard assessment but deliberately did not assess hazard detection. 1 Participants rated the hazardousness of each change on an 11-point scale from 0 (not at all safety relevant) to 10 (highly safety relevant). Higher scores reflect higher perceived risk/hazardousness. Images were photographed from the driver's perspective on nearby urban and rural roads to ensure locations depicted were familiar, as previous research suggests familiarity impacts behaviour (e.g. Charlton and Starkey 2013; Harms and Brookhuis 2016; Martens and Fox 2007) .
The stimulus set comprised 50 urban and 50 rural scenes. Trial order was randomised to avoid question order bias (Perreault 1976) . Within each driving environment, changes occurred to one of five objects, with 10 trials per object. Urban changes involved a road sign, car, motorcycle, pedestrian, or traffic light. Rural changes involved a road sign, car, motorcycle, animal, or tree. From an experimental design perspective, it would be preferable to use the same objects in both environments; however, this was unfeasible as some common urban objects are unusual in rural environments and vice-versa. For the three objects that occurred in both urban and rural environments (signs, cars, motorcycles) changes were matched to ensure these categories were equivalent across environments.
Within each object category, half the images depicted a change with high inherent safety risk and half had low inherent safety risk (see Table 1 ). The fundamental difference between high-and low-risk changes was that high-risk changes would require a change to driver behaviour, whereas low-risk should not influence behaviour.
Risk Perception. Two driving-related risk perception measures were included. The relative crash risk measure asked participants to rate their crash risk compared with an average driver of the same age and gender, on a 5-point scale from 1 (very low) to 5 (very high; Gosselin et al. 2010) . Nine scenarios were rated: tired; night; bad weather; busy highway; changing lanes on a busy highway; windy road; yielding; crossing a visually cluttered intersection; and reacting to other drivers' unexpected manoeuvres.
The perceived risk of aberrant driving behaviours measure asked participants to rate the riskiness of 22 aberrant driving behaviours on a 5-point scale from 1 (not at all risky) to 5 (extremely risky). The list was adapted from previous risk perception questionnaires (Harbeck and Glendon 2013; Ivers et al. 2009 ) and included speeding, rule violations, and driving while distracted, fatigued or intoxicated.
Data Analysis
Data were analysed in SPSS using mixed within-between subjects analysis of variance (ANOVA).
Bonferroni corrections were used to adjust for multiple comparisons and Greenhouse-Geisser corrections were applied where Mauchly's test revealed that the assumption of sphericity was violated. Separate analyses were conducted for urban and rural environments, as four object types appeared in only one environment (urban: pedestrians, traffic lights; rural: animals, trees). Following this, another analysis was conducted directly comparing urban and rural environments, including only ratings for objects that appeared in both environments (signs, cars, motorcycles).
RESULTS
Participant Demographics
Table 2 presents participants' demographic information. Age and driving experience were significantly correlated, r(63) = .987, p < .001. Age groups did not differ in age of first licensure or frequency of driving on urban or rural roads, but differed in weekly driving exposure. Young drivers drove significantly less than experienced drivers, whereas older drivers' habits were not significantly different to either younger group. All groups reported driving more frequently on urban versus rural roads, but there was no association between driving frequency and hazard rating scores for either environment (urban: r(63) = .01, p = .925; rural: r(63) = -.06, p = .638).
Risk Perception
Two risk perception scores were analysed: relative crash risk and perceived risk of aberrant driving behaviours. Item scores for each scale were averaged to derive an overall score, with higher scores indicating higher perceived risk. Cronbach's alpha (α) indicated good internal reliability for both scales (relative crash risk: α = .83; perceived risk of aberrant driving behaviour: α = .86).
Relative crash risk was not significantly associated with driver age or experience (see Table 2 ), and was not significantly correlated with hazard ratings for either urban, r(63) = .07, p = .600, or rural scenes, r(63) = .05, p = .677. In contrast, perceived risk of aberrant driving behaviours was moderately positively correlated with average scores on the hazard rating task for both urban, r(63) = .34, p = .007, and rural scenes, r(63) = .38, p = .002.
Perceived risk of aberrant driving behaviours was also correlated with driver age, r(63) = .41, p = .001 (see Table 2) and experience, r(63) = .40, p = .001, although age did not predict hazard rating scores.
Urban Hazards
Hazard ratings for urban scenes were analysed using mixed ANOVA with Driver Age as a betweensubjects factor and Change Object (road signs, cars, motorcycles, pedestrians, traffic lights) and Inherent Safety Risk RISK PERCEPTION ON URBAN AND RURAL ROADS 7 (low, high) as within-subjects factors. Age did not have a significant main effect, (2,60) = 0.09, = .918, and did not significantly interact with other variables (all F < 1.1, p > .43).
There were significant main effects of Inherent Safety Risk, (1,60) = 220.51, < .001, 2 3 = .79, and
Object, (4,240) = 33.07, < .001, 2 3 = .36. Participants rated low-risk changes as less hazardous (M = 3.0, SE = 0.3) than high-risk changes (M = 5.4, SE = 0.2). Changes involving pedestrians were rated as significantly more hazardous than all other objects, and changes involving traffic lights were rated as more hazardous than changes involving signs or motorcycles, but not cars. There was also a significant Object × Inherent Safety Risk interaction, (2.8,166.8) = 24.78, < .001, 2 3 = .29, see Figure 2 . Post-hoc tests found the effect of Inherent Safety Risk was statistically significant for all objects but varied in magnitude, being largest for cars and smallest for signs (see Table 3 ).
Rural Hazards
Hazard ratings for rural scenes were analysed using mixed ANOVA with Driver Age, Change Object (road signs, cars, motorcycles, animals, trees) and Inherent Safety Risk as factors. Age did not have a significant main effect, (2,60) < 0.01, = .997, and did not significantly interact with other variables (all F < 1, p > .53).
There were significant main effects of Inherent Safety Risk, (1,60) = 234.00, < .001, 2 3 = .80, and Table 3 ).
Urban/Rural Comparison
Hazard ratings were compared between urban and rural environments using within-subjects ANOVA with 
DISCUSSION
We hypothesised that hazard ratings for environmental changes, which we used as an operational measure of risk perception, would vary as a function of environment, age and driving-related risk perception. Although there was no effect of age on hazard ratings, the other hypotheses were supported. Hazard ratings also differed according to the type of object changed and its inherent safety risk (i.e., objective risk posed).
Consistent with previous research (Knight et al. 2013; Rakauskas et al. 2009; Streff and Geller 1988; Wilde 1998 ), participants rated changes as more hazardous in urban compared with rural environments. In particular, "high-risk" changes, such as changing speed limits or a vehicle appearing immediately ahead, were perceived as relatively more hazardous on urban roads. This suggests that the greater complexity of urban environments makes drivers more sensitive to nearby road users or changes in travel speed. Interestingly, our sample reported more frequent experience driving in urban versus rural areas. This is important as environmental familiarity influences risk perception: after repeated exposure to the same road, drivers make shorter glances towards roadside objects and increase travel speeds (Martens and Fox 2007) . If familiarity were influencing the results, drivers should report lower risks in urban environments, but the opposite trend occurred, suggesting a robust effect whereby drivers perceive rural roads as less hazardous than urban roads.
The manipulation of inherent safety risk was included as subjective risk perception is not always aligned with the objective threat posed (Charlton et al. 2014) . Although there was an overall effect of inherent safety risk, with participants generally rating high-risk changes as more hazardous than low-risk changes, the magnitude of this effect varied between objects. The largest effect was for animals by the roadside (high-risk) compared with in a paddock (low-risk). This reflects a genuine likely danger for participants, as the study region has the nation's highest rate of animal crashes (AAMI 2015) . It is also consistent with Borowsky and Oron-Gilad's (2013) findings that hazard ratings correlate with the likely severity of resulting crashes, as animal crashes are likely to be severe in Australia (the most common target being kangaroos, which can appear suddenly on high speed roads). On the other hand, participants showed relatively little sensitivity to the presence or position of trees by the roadside, even though trees are a common collision target (Wolf and Bratton 2006) . Most strikingly, objective safety impact had no effect on participants' hazard ratings of rural road signs (and a relatively small effect for urban road signs), with participants rating a 10 km/h change in speed limit as having equivalent safety relevance to minor semantic changes on an advisory sign. This suggests that drivers fail to appreciate the added risk that accompanies a 10 km/h increase in speed, especially on rural roads.
Hazard ratings for changes in the environment were correlated with general driving-related risk perception, specifically participants' ratings of the riskiness of aberrant behaviours such as speeding, rule violations, and distracted driving, suggesting that hazard ratings are partially influenced by underlying individual differences in risk sensitivity (Sjöberg 2000) . Conversely, hazard ratings were not associated with driver age. This may seem RISK PERCEPTION ON URBAN AND RURAL ROADS 9 inconsistent with studies demonstrating age differences in hazard perception (Borowsky et al. 2009 (Borowsky et al. , 2010 Crundall et al. 2012; Finn and Bragg 1986; Horswill et al. 2008; Lee et al. 2008 ). However, not all hazard perception tasks reveal age-or experience-related differences (Chapman and Underwood 1998; Crundall et al. 2003; Sagberg and Bjørnskau 2006; Underwood et al. 2013) . The reason for this is unclear, but one suggestion is that different hazard perception tasks tap different cognitive mechanisms. The current study required assessment of hazards, rather than identification, anticipation, or response towards hazards. Thus, the results suggest that when participants are made explicitly aware of potential hazards, their assessment of those hazards is influenced more by individual differences in risk sensitivity, rather than experience. In addition, our younger participants were most likely to have had a recent crash, which could have increased their driving-related risk sensitivity.
Future Directions
The current study provided valuable insights into factors that influence drivers' risk perception; however, there are some limitations. Most notably, participants were less familiar with rural roads than urban roads. This highlights a dilemma for researchers comparing behaviour in different environments: within-subjects comparisons will likely involve participants being more familiar with one environment, whereas between-subjects comparisons introduce other potential confounds. Encouragingly, our results were broadly consistent with previous research, which suggests there are robust differences in drivers' risk appraisals between rural and urban roads. The findings would also impact further reviews on GLS in Australia, by suggesting more emphasis on risk perception across urban and rural environments, as opposed to emphasising on age and licensure status.
Another limitation is that we did not assess response time. Future research could assess whether response time varies systematically with environmental features. Faster responses would indicate that assessment is relatively, whereas longer response times reflect greater deliberation. Alternatively, future research could restrict display time to simulate the rapid judgements drivers routinely make, which may also be more sensitive to effects of driver age.
It is also important to note that the study scope is relatively small, based on drivers in the Canberra region.
Given its computerised format, future research could expand the study scope by recruiting participants online in order to generalise the findings to other populations.
Conclusions
The current study investigated the effects of driving environment, driver age and risk sensitivity on assessment of risk in driving scenes. The results demonstrate that drivers perceive rural roads as less risky than urban roads, even when similar scenarios occur. Age did not affect hazard ratings, suggesting that age and experience do not affect assessment of explicitly-revealed hazards. Rather, participants' assessment of risk was influenced more by individual differences in risk sensitivity. However, drivers overall failed to appreciate the inherent hazards in some situations, such as changing speeds on rural roads. This highlights the need for driver education to emphasise not just hazard detection, but also appraisal of the hazard's risk and relevance, to promote road safety. Note. Percentages have been rounded to integers and may not sum to 100%. Driving frequency is recorded as "daily" if participants reported daily driving frequency; "weekly" if they reported driving between 1-5 times per
week; "monthly" if they reported driving 1-3 times per month. 
